when there is an absence of internal gas bubbles, TOA is radiologically indistinguishable from pelvic endometriosis (endometriotic cyst) (2, 3) . Endometriosis has distinctive magnetic resonance imaging (MRI) findings, but upon admission the first type of imaging performed is usually sonography or computed tomography (CT). Therefore, a differential diagnosis between TOA and endometriosis is important in CT imaging.
The purpose of this study was to assess and compare CT findings of surgically confirmed cases of TOA and endometriosis in order to identify indicators which may be helpful in making correct preoperative diagnoses.
Materials and Methods
We retrospectively assessed 36 cases of surgically confirmed TOA during a 3 year period. CT images were available for 11 of the cases. The patients ranged in age from 19 to 73 (mean, 40).
As a comparative group, we retrospectively assessed 251 cases of surgically confirmed endometriosis during a 3 year period. CT images were available for 36 of the cases. The patients ranged in age from 19 to 45 (mean, 34).
For CT imaging, a Somatom plus-4 helical CT scanner (Siemens Medical System , Erlangen, Germany) was used. Contrast enhanced scans were obtained for all patients. In all cases scanning of contrast enhanced CT was initiated 60 seconds after an intravenous injection of 120 mL of contrast material containing 300 mg I/mL (Ultravist 370 , Schering, Berlin, Germany) at a rate of 3mL/sec. The scanning parameters included 1:1 pitch, and 7 8 mm thickness.
Two radiologists reviewed the CT images retrospectively, and reached their conclusions by consensus. The radiologists focused on the thickness and enhancement pattern of the cyst wall, attenuation of the cyst content, size and shape of the cyst, and paraaortic lymphadenopathy. Evidence of paraaortic lymphadenopathy on CT scans was defined as three or more lymph nodes or nodes 1 cm or greater in diameter in the paraaortic location (4) . If wall thickness was not uniform, the thickness of the cyst wall was measured at its thickest point.
Statistical analysis was performed to compare differences in CT findings. The T-test was used to assess differences in the mean values of wall thickness, attenuation of the cyst content, and size of the cyst. The differences between the two groups with regard to CT findings -specifically, enhancement pattern of the cyst wall, shape of the cyst, and paraaortic lymphadenopathywere compared using Fisher's exact test. For all tests p< 0.05 was considered to be statistically significant. All analyses were performed using SPSS program (SPSS version 10.0 software for Window; SPSS, Chicago, Ill).
Results
In the 11 cases of TOA, the mean wall thickness was 6.2 2.0 mm (1.8 10 mm). The cyst wall had a multilayered appearance in 91% (10/11) of the cases (Fig. 1) . Mean Hounsefield unit (HU) of the cyst contents was 20.0 5.5 HU (range, 9 27 HU). Evaluation of HU was not possible in one case because there was no available DICOM file. The mean diameter of the cyst was 7.5 cm 1.7 cm (range 4.8 9.8 cm). The shape of cyst was multilocular in 82% (9/11) of the cases. Paraaortic lymphadenopathy was present in 73% (8/11) of the cases (Fig. 2) . Only one case displayed internal gas bubbles in the cavity.
In the 36 cases of endometriosis, the mean wall thickness was 4.5 mm 2.4 mm (range, 1.0 10 mm) (Fig. 3) . The cyst wall had a multilayered appearance in 25% (9/36) of the cases. Mean HU of the cyst contents was 24.7 10.0 HU (range, 5 43 HU). Evaluation of HU was not possible in 5 cases because there was no available DICOM file. The mean diameter of the cyst was 7.95 cm 3.1 cm (range 4.2 15.3 cm). The shape of cyst was multilocular in 75% (27/36) of the cases. Paraaortic lymphadenopathy was present in 44% (16/36) of the cases.
Statistical analysis of the data revealed that the cyst wall of TOA was significantly thicker than that of endometriotic cysts (p=0.037), and the diameter and HU of TOAs was equal to that of endometriotic cysts (p> 0.05). Multilayered appearance of the cyst wall had a sensitivity of 91% (10/11) and a specificity of 75% (27/36) in the differentiation of TOA from endometriotic cysts at CT. Paraaortic lymphadenopathy had a sensitivity of 73% (8/11) and a specificity of 56% (20/36). There was a statistically significant difference in multilayered appearance, but the differences in paraarotic lymphadenopathy were not statistically significant.
Discussion
TOA is a well known complication of PID. It has been 275 A B Fig. 2 . TOA in a 32-year-old woman with fever and abdominal pain. A. Contrast-enhanced CT scan shows multilocular, thick-walled cystic mass with multilayered appearance in the right adnexal region. B. Contrast-enhanced CT scan reveals multiple lymphadenopathy (arrows) in the paraaortic space. reported to occur in as many as one third of patients hospitalized for acute salpingitis (5) .
PID results from an ascending vaginal or cervical infection that progresses to endometritis and then followed by salpingitis. Inadequate treatment of PID may lead to infection of the ovary, with a resultant unilateral or bilateral TOA. Cultures usually reveal a polymicrobial infection with a preponderance of anaerobes (5) .
Frequently, adhesions develop within the fallopian tubes, causing tubal obstruction and pyosalpinx. Although TOA generally remains localized to the ovary and fallopian tubes, rupture can result in a life-threatening generalized peritonitis (6) .
Sonography is the imaging technique most frequently used to confirm a suspected diagnosis of TOA. Typically, sonograms reveal an adnexal or retrouterine mass that may be cystic, solid or complex (2) .
CT is commonly used as an adjunct to sonography in atypical cases of TOA. Several CT findings suggest the diagnosis of TOA in proper clinical settings (7) . Although nonspecific, the most frequent finding is a thick-walled, fluid density mass in an adnexal location (2). Wilbur et al. described TOA on CT findings to be pelvic masses, anterior displacement of the mesosalpinx, thickening of uterosacral ligaments, rectosigmoid involvement, ureteral involvement and paraaortic lymphadenopathy. However, CT findings of endometriosis are similar and can mimic those of TOA. In the absence of internal gas bubbles, TOA is radiologically indistinguishable from pelvic endometriosis (2). However, this finding is rare and was found in only one case in this study.
Although CT features of TOA have been reported, there have been no studies investigating its differentiation from endometrosis. In this study, when CT images revealed a thick-walled, multilocular cystic mass in adnexa it was suggestive of a TOA. The mean diameter of the cyst was 7.5 1.7 cm in TOA and 7.9 3.1 cm in endometriotic cyst, and mean HU of the cyst contents was 20.0 HU and 24.7 HU, respectively. There was no statistical difference in diameter and HU of endometriosis and TOA (p>0.05) However, the mean thickness of the cyst wall was 6.2 2.0 mm and 4.5 2.4 mm in TOA and endometriosis, respectively, which was a statistically significant difference (p=0.037).
Other findings such as multilayered appearance of the cyst wall and paraaortic lymphadenopathy may help in the diagnosis of TOA. Multilayered appearance had a sensitivity of 91%, a specificity of 75%, and p-value of less than 0.05. Although p-value was greater than 0.05, paraaortic lymphadenopathy had a sensitivity of 73% and a specificity of 56%.
The multilayered appearance of the cyst wall may correspond to inflammatory process around the abscess. This finding is similar to the "double target sign" for liver abscesses. Liver abscesses include four layer; hypodense central cavitary lesion (central necrosis), hyperdense granulation layer, hypodense abscess wall, and hyperdense compensatory hypervascular area (8 10) . These findings can be used to explain the multilayered appearance of TOA.
There were some limitations in this study. First, there was no pathological correlation of TOA cases. Most pathologic gross specimens were spoiled during operation. Second, there was a small number of cases.
Although this study assessed only 11 cases, the findings suggest that TOA should be suspected on CT when a multilocular cystic ovarian mass is observed, especially if the lesion has a thick wall and has a multilayered appearance, and is accompanied by paraaortic lymphadenopathy.
